INTRODUCTION 42
The United States (U.S.) is the world's largest producer of poultry with over 8 billion broilers 43 produced yearly (1). Maintaining a safe supply of poultry is increasingly important as demand 44 increases, production becomes more intensive and facilities become antibiotic free. Broilers 45 (around 22,000 broilers per house) are typically raised in open plan barns on a deep floor of 46 bedding materials (typically wood shavings, rice hulls or saw dust (1, 2). Poultry litter (PL) is a 47
Resistance Database (CARD) was used for the identification of resistance genes present on 159 plasmid and chromosome (26) . 160
Plasmids were classified into MOB families using methods described previously (27) . To 161 investigate the topology of contigs identified with plasmid replicon, we used a custom script to 162 inspect the path in the SPAdes FASTG assembly graph file that corresponded to the plasmid 163 contig identified in the FASTA file; the contigs.paths file was used to determine correspondence 164 between FASTA contigs and FASTG edges. Plasmid contigs were assigned as 'complete 165 circular'; 'complete non-circular', i.e. linear but not connected to other contigs; and 'non-166 complete', i.e. linear and connected to other contigs. (see Supplementary Methods for detailed 167 information). Complete circular plasmids were annotated using Prokka (25) and mapped with 168 Snapgene v 4.1.2. When coding DNA sequence (CDS) was annotated as 169 hypothetical/uncharacterized, we performed a PSI-BLAST search with predicted protein 170 sequences run to ≤ 3 iterations. Plasmids were analyzed by comparative analysis using 171 ProgressiveMAUVE (28) and CDS predicted in regions with marked differences were aligned 172 with MUSCLE (29). Phylogenetic tree was produced from aligned conserved relaxase or 173 mobilization protein sequences using the maximum likelihood method implemented in RAxML 174 v 8 (30) -with a rapid bootstrapping run to generate 1000 replicates. 175
Single Nucleotide Variants (SNVs) were determined by mapping raw sequence reads to the 176 chromosome and plasmid genome of S. Heidelberg strain AMR588-04-00435 available in NCBI 177 under accession numbers CP016573 and CP016575, respectively, using Aligner (BWA) (31). SAM file sorting, and removal of PCR duplicates was done using 179 SAMtools (32). Genome Analysis ToolKit (33) with a minimum mapping quality of 30 and a 180 minimum base quality of 30 was used for SNV calling. A SNV based phylogenetic tree was 181 generated using the maximum likelihood method implemented in RAxML v 8. 182 Growth Assay, plasmid copy number determination and gene expression. Plasmid copy 183 number (PCN) and differential expression of selected transcripts was determined by performing 184 a growth assay on ancestral and evolved strains. Three populations were initiated from three 185 single colonies from strains SH-2813 anc , SH-2813 evol , SH-116 anc , and SH-116 evol . An individual 186 colony was transferred to 20 ml of Mueller Hinton Broth (MHB) in 50 ml centrifuge tube and 187 incubated overnight at 37 o C. Following overnight growth, 6 technical replicate populations (18 188 total per strain) were established from each culture by transferring 3 ml to 50 ml centrifuge tubes 189 containing 17 ml MHB. Cultures were incubated without shaking at 37 o C for 24 h. Optical 190 density (OD 600nm ) was periodically measured in the 3 populations with a Nanodrop 2000 191 Spectrophotometer (ThermoFisher Scientific). Bacteria concentration was determined for 2 192 populations at 0.5, 4 and 24 h via serial dilution plating on R2A agar. Additionally, bacteria 193 culture (ca. 20 ml) was filtered onto 0.2 µm pore size polycarbonate filters (MilliporeSigma, 194 Burlington, MA) which were transferred to Lysing Matrix E and B tubes (MP Biomedicals, 195 Solon, Ohio) for genomic DNA and RNA isolation respectively; and saved at 80 o C until use. 196 For a complete description of PCN and gene expression determination, see Supplementary 197 Methods. 198 Competitive fitness and conjugation assay. The fitness of three strains carrying the 3 Col 199 plasmids (SH-2813 evol , SH-116 anc , and SH-116 evol ) was determined relative to SH-2813 nal 200 nalidixic resistance with no Col plasmid. The SH-2813 nal strain is isogenic to SH-2813 anc but was 201 made resistant to 200 ppm nalidixic acid by spontaneous mutation in gyrA. Five colonies from 202 SBA for each strain were incubated in 9 ml of fresh MHB at 37 o C for 20 h. Thereafter, cultures 203 of the strains were mixed at a ratio of 1:1 (~500 µl of strain under study to 500 µl of SH-2813 nal). 204 We assumed that each strain had the same initial concentration because 24 h population were not 205 significantly different (Table 2) To pool the information from the competition assay with conjugation assay we employed 212 the same data set to determine the conjugation rate constant for the three Col plasmid types 213 present during the competition assay. Conjugation rate constants were determined as described 214
by . For details see Supplementary Methods. 215
Antibiotic Susceptibility Testing. We performed antimicrobial susceptibility testing (AST) on 216 selected evolved strains following National Antimicrobial Resistance Monitoring System 217 (NARMS) protocols for Gram-Negative bacteria (36) and Kirby-Bauer disc diffusion assay (37). 218
For more details on the disc diffusion protocol used, see Supplementary Methods. 219
For categorizing susceptibility, breakpoints were adopted from NARMs. There is no 220 standardization by Clinical and Laboratory Standards Institute (38) for tobramycin, kanamycin, 221 neomycin, netilmicin, and fosfomycin by disc diffusion for Salmonella Heidelberg. Therefore, 222 results were interpreted with diameter difference in zone of inhibition between isolates. 223
Plasmid-specific genes prevalence in poultry litter. To assess the prevalence of Col plasmids 224 in PL, we determined the concentration of plasmid-specific genes in various litter collected for 225 another on-going experiment in our laboratory. These litter were sourced from 7 poultry farms in 226 4 states in USA, practicing either conventional or backyard method of raising chicken flocks. 227 DNA was extracted in triplicates from each PL as described previously for PL DNA extraction. 228
We performed qPCR on 2 µl of purified DNA extract as described previously in qPCR assays, 229 with primer sets specific to each plasmid of interest (Supplementary Table 9) . 230 Statistical analysis. Analyses were performed using R (version 3.4.1). Survival difference 231 between strains preconditioned in PLE versus BHIB was done using a profile analysis followed 232 by a multivariate analysis of variance (MANOVA The concentration of the two S. Heidelberg strains preconditioned in either PLE or BHIB 254 decreased by several orders of magnitude in all microcosms and their survival dynamics differed 255 by preconditioning media and strain-type (Fig. 1a) . SH-2813-BHIB was below the limit of quantification (LOQ) within 1 day of inoculation into PL 267 and increased ca. 4-log by day 7. The final concentration of SH-2813-PLE and SH-2813-BHIB in 268 PL was log 2.5 ± 0.03 CFU g -1 . On the other hand, the concentration of SH-116-PLE decreased 269 gradually for 14 days while SH-116-BHIB was below LOQ within 1 day of inoculation into PL 270 and increased by ca. 3-log at day 7. The final concentration for SH-116 was below our LOQ for 271 direct culture counts but the strain was isolated at varying levels following enrichment in 272 buffered peptone water (BPW) (Supplementary Table 1) . 273 A profile analysis followed by MANOVA on the observed bacteria concentration revealed 274 that preconditioning had a significant effect on SH-2813 concentrations at day 0 and day 1 (p-275 value< 0.004). For SH-116, this effect was only significant at day 1 (p-value< 0.0001). We also 276 monitored the pH, moisture, nutrients, cations and resident aerobic bacteria present in PL during 277 the 14-day experiment, however we could not draw significant conclusions from analyzed results 278 (Supplementary Table 1 The 22-bp deletion reduced the number of direct repeats from 3 to 2, making it a truncated 309 ori (Fig. 2b) . Direct repeat iterons of theta plasmids are known to bind Rep proteins and have 310 been shown to participate in negative control of their initiation (39). Deleting or adding more 311 copies of the iteron have been shown to increase or decrease plasmid copy number (PCN) (40).
Therefore, we hypothesized that the direct repeat deletion in IncX1 of SH-2813 evol would result 313 in higher copies compared to SH-2813 anc since the 22-bp is absent in the ancestral strain while no 314 change would be expected in IncX1 copies for SH-116 evol . To test this hypothesis, we determined 315 the copy numbers of IncX1 and Col plasmids present in ancestor (SH-2813 anc and SH-116 anc ) and 316 2 evolved strains (SH-2813 evol and SH-116 evol respectively). We assumed that these evolved 317 strains represent the "fittest" SH-2813 and SH-116 strains given their persistence in PL 318 microcosms for 14 days. 319
As expected, the copy number of IncX1 for SH-2813 evol (~7 copies/cell; s. Gene expression of IncX1 replication protein and stabilization genes. We monitored the 327 expression of the repB replication gene and relBE genes which encode a type II toxin-antitoxin 328 (TA) system associated with the IncX1 plasmid. The relBE genes were selected since they are 329 adjacent to the ori (Fig. 2a) suggesting they may share the same promoter as repB; and due to 330 their implicated role in plasmid stabilization (41, 42) . Gene expression results in SH-2813 evol 331 revealed a marked 4.5-fold reduction in repB expression and 2.2-fold reduction in relB 332 expression at 4 h relative to SH-2813 anc ; while the expression levels of toxin relE remained 333 unchanged in both ancestral and evolved SH-2813 (Fig. 2c) . 334 SH-116 strains lacks the extra 22-bp direct repeat present on IncX1, thus no change in Rep 335 expression was expected. However, the same pattern of expression was observed for these 336 transcripts for SH-116 evol -reductions in repB and relB and no change in relE when compared 337 to SH-116 anc (Fig. 2c) . We hypothesize that the reduction in expression of Rep for evolved 338 strains was a result of selecting for high copy ColE1 plasmids in PL. In fact, SH-116 evol carried 339
ColE1 plasmids with higher copies (ColE1-6kb =9±3.5, ColE1-4kb = 10±4.4, ColpVC-2kb = 340 90±45) than SH-116 anc (ColE1-6kb =0.3±0.3 ColE1-4kb = 3±1.9, ColpVC-2kb = 82±7.9) ( Table  341 2). This difference was further corroborated by comparing PCN determined from WGS assembly 342 coverage, showing that all SH-116 evol isolates from day 7 and 14 on average had higher ColE1 343 plasmid copies than SH-116 anc (Supplementary Table 6 ). 344
Further, multiple regression analysis of IncX1 and Col plasmid copies showed that IncX1 345 was a statistically significant predictor of Col plasmid copies in a cell (F (3, 68) =13.82, p.value 346 < 0.000, R 2 =0.39). SH-116 strains were predicted to have ca. six ColE1-6kb plasmid copies for 347 every IncX1, whereas, SH-2813 was predicted to have 3 copies per IncX1 (Fig. 3) . respectively, at 4 h ( Table 2) . 353
ColE1 plasmids differed in mobilization genes and non-coding RNA. ProgressiveMauve (28) 354 alignments showed that ColE1 plasmids present in sequenced strains were highly similar and 355 only differed in nucleotide regions coding for mob genes ( Fig. 4; Supplementary Fig. 2b and c) . 356 We identified 5-6 open reading frames (ORF) encoding 2-3 mobilization (mob) genes, a 363 putative type IV TA system (Abi), a putative aminoglycoside 6-N-acetyltransferase (aac(6')-Ib) 364 and a hypothetical protein for ColE1-6kb (Fig. 4a) . The ColE1-4kb plasmids had 4-6 ORFs 365 encoding a protein named macrophage stimulating factor (MSF), a hypothetical protein and 1-4 366 mob genes (Fig. 3b) . Both ColE1 plasmids harbored a non-coding RNAI and RNAII, while 367
ColE1-6kb carried an additional non-coding repressor of primer (Rop) protein known to regulatereplication and ColE1 plasmid copy numbers. The ColpVC-2kb plasmids had 2-3 ORFs, 369 encoding 1-2 replication proteins (Rep) and a hypothetical protein (Fig. 4c) . The RNAI present 370 in the ColE1 plasmids had ca. 62 % DNA sequence homology (data not shown). 371
These mob CDS were identified as MbeA and MbeC and were present in different sizes 372 and arrangement. In some cases, the mbeA gene overlapped ORF annotated as mbeB and mbeD 373 ( Fig. 4; Supplementary Fig. 3) , suggesting MbeB and MbeD may be part of the mob region in 374 some but not all ColE1 plasmids. Multiple alignments of MbeA relaxase protein sequences 375 showed high conservation in the N-terminal region and high variation in their C-terminal (data 376 not shown). According to the phylogenetic tree obtained for these conserved amino acids, MbeA 377 proteins belonging to ColE1-4kb plasmids clustered in a unique clade, whereas the ColE1-6kb 378 clustered next to the signature E. coli ColE1 plasmid (NC_001371) (Fig. 4d) . Accordingly, mbeC 379 genes from ColE1-6kb and ColE1-4kb were represented by separate clades on phylogenetic tree 380 (Fig. 4e) . 381
Col plasmids did not impose a fitness cost on host cell. Although acquisition of Col plasmids 382 could result in faster growth in host cells it may also translate to a fitness cost if their regulation 383 is not equally constrained. To establish if acquisition of Col plasmids imposed a fitness cost on S. 384 Heidelberg, we competed 2 evolved (SH-2813 evol and SH-116 evol ) and 1 ancestral (SH-116 anc ) 385 strain carrying three Col plasmids against a Col plasmid-free isogenic SH-2813 harboring a gyrA 386 mutation for nalidixic acid resistance (SH-2813 nal ). The fitness of each strain was determined 387 relative to SH-2813 nal as described by Millan et al (34) . Results show that Col plasmid carrying 388 strains had a higher relative fitness of 1.27 (s.d. =0.12, n =3) compared to SH-2813 nal , and 389 differences were observed between strains (Fig. 5a ). Conjugation rates of Col plasmids from Col plasmid-carrying strains into SH-2813 nal ancestor. 394
Conjugation rates was estimated using data from fitness experiment. Bars represent means of 395 four technical replicates for each population. 396
The transfer rate for ColE1-4kb plasmid from SH-116 evol to SH-2813 nal was below the 397 detection limit of our assay. This difference in fitness between strains can be may be attributed to 398 a higher conjugation rate observed for ColE1-6kb and ColpVC for SH-116 evol (Fig. 5b) . 399
Antimicrobial resistance associated with the acquisition of Col plasmids. The ColE1-6kb 400 plasmid in the current study carries a putative aac (6')-Ib gene that is 56 % (e.value = 1<e-13) 401 identical to the aac (6')-Ib gene present in Klebsiella pneumoniae Sul1-type integron (GenBank 402 accession number: AAR18814.1) and 34 % (e..value = 6<e-28) identical to the one present in 403 Thiomona sp. X19 (GenBank accession number SCC93141.1); suggesting it may play a role in 404 aminoglycoside resistance (Fig. 6a and b) . NARMs antimicrobials (36). In addition, we used disc-diffusion assay (37) to evaluate 417 susceptibility to tobramycin, netilmicin, gentamicin, neomycin, kanamycin and fosfomycin. 418
The majority of the isolates tested (97.6 %) were susceptible to the 14 drugs on NARMs 419 AST panel (Supplementary Table 7 
01). 426
Col plasmid-encoded genes are prevalent in PL. To extrapolate beyond our microcosm 427 evolution experiment, bioinformatics and quantitative PCR were used to assess the pattern of 428 distribution of these Col plasmids across genomes and in PL. DNA sequences for complete Col 429 plasmids from this study were subjected to BLAST searches against genomes that have been 430 deposited in GenBank. No BLAST hit matched the complete sequence of ColE1-6kb plasmids, 431 but the majority of hits covered ca. 55 % of the plasmid genome. In most cases, these hits 432 corresponded to mobilization genes. 433
For ColE1-4kb, the closest hit was 99 % identical to the colicigenic plasmid of Salmonella 434 enterica serovar Berta (pBERT) and covered the entire genome. All other plasmid hits covered 435 <82 % of the ColE1-4kb genome and were represented in various species of Gram-negative 436 bacteria. The ColpVC-2kb was >99 % identical to plasmids from 5 Salmonella sp, includingthree S. Heidelberg strains isolated from Chicken in Canada (data not shown). These results 438 suggested that Col plasmids of poultry origin are not well represented in GenBank. 439
To address this possibility, we quantified Col plasmids in litter from conventional and 440 backyard poultry farms located in 4 states in USA. The Col plasmid genes were detected in all 441 litter types except 1 backyard litter, whereas the Rep protein for IncX1 was detected in 4 of 7 of 442 the litter types, suggesting that these genes are present in PL (Fig. 7) . Heidelberg in PL. We chose S. Heidelberg for its increasing role in food-borne outbreaks and its 452 carriage of Col-like plasmids (14, 16, 17, 22, 47) . In our study, only S. Heidelberg strains 453 carrying 2 ColE1 and a cryptic ColpVC plasmids survived more than 7 days in used PL. The 454 ColE1-6kb relaxases (MbeA) shared >77 % homology with the relaxase of ColE1-4kb but was 455 more closely related to the prototype ColE1 (>96 %) plasmid of E. coli. When the ColE1 456 plasmids sequences from this study were compared to those available in NCBI, we found that 457 these plasmids were underrepresented in this database. The observed low frequency may be a 458 consequence of the bias toward sequencing strains of clinical origin, where plasmids carrying 459 known antibiotic resistance genes are of primary interest.
After screening multiple PL types with qPCR, we detected Col plasmid genes at high levels 461 in 6 of 7 litter types. Our data further suggest that the PL environment may impose selective 462 pressure that promotes the acquisition of these Col plasmids. 463
The ColE1-6kb plasmids were present in higher copy numbers than ColE1-4kb and carried 2 464 putative genes encoding a type-IV TA system and an aminoglycoside-acetyltransferase. The TA 465 system was linked by STRINGDB (48) MbeA and MbeC in this study suggests that such modifications may be critical for successful co-485 existence of multiple ColE1 plasmids in one host cell. 486
The Incompatibility factor X1 plasmid harbored by the S. Heidelberg strains used in our 487 study more than likely served a conjugative role. IncX1 is a low copy plasmid and carries 488 required mating pair formation system for horizontal gene transfer (HGT) including type IV 489 secretion systems (T4SS), coupling proteins and a relaxase (55, 56) (Fig. 2a) . This plasmid was 490 present in all strains recovered which infers that they are stably maintained and critical to the 491 survival S. Heidelberg strains carrying them. 492
Stability of conjugative plasmids has been attributed to high conjugation rates and plasmid 493 stabilization proteins (57, 58) . The Indel present in VirB8 resulted in a frame-shift mutation in 494 this protein and subsequent changes in DNA regions coding for T4SS proteins. Indeed, this 495 mutation resulted in the fusion of a smaller VirB8 (4.4 kDa) encoding gene with a bigger one 496 (23.4 kDa ) (Fig. 2a) . In addition, differences were observed in sequences coding for the 497 conjugal transfer protein (TraG), an important protein for bacterial conjugation (59). 498 Interestingly, one strain without TraG (SH-33A0.5-116-Day7-PLE) was isolated but we do not 499 know the conjugal implication of this deletion (Supplementary Fig. 5 ) 500
Following the acquisition of Col plasmids, we observed a significant reduction in the 501 expression of replication protein (Rep) protein and a type II toxin-antitoxin (TA) gene. This 502 reduction in rep expression suggests that rep expression may be linked to the cost of taking up 503 new MGE. Reducing rep expression will subsequently decrease the copies of IncX1 available for 504
ColE1 plasmids mobilization -thus reducing the burden associated with maintaining multiple 505 plasmids. Also, regression analysis of IncX1 and Col copies showed that IncX1 was a good 506 predictor of ColE1-6kb copies per cell -evolved strains carrying high IncX1 copies also carried 507 high ColE1-6kb copies ( Fig. 3; Supplementary Table 6 ). This result suggests there might be an 508 equilibrium between the number of "helper plasmids" to mobilizable plasmids residing in a cell. 509 Bacteria (TA) modules are genetic elements composed of a toxin protein component that 510 disrupts bacterial growth by interfering with vital cell processes and an antitoxin that impairs the 511 functionality of the toxin until this inhibition is abolished in response to cellular signaling. Type 512 II TA system carried on plasmids are important players in post-segregational killing -plasmid-513 less cells are killed by the toxin, thereby establishing the dominance of plasmid-bearing cells in a 514 population (41, 42, 60) . 515
At late logarithm and stationary phase growth in Mueller Hinton Broth, the relB gene 516 (antitoxin) of IncX1 was significantly downregulated in evolved strains compared to ancestral 517 strains, and no change was observed in relE (toxin) expression (Fig. 2c) . This continuous 518 expression of relE will ensure that only IncX1 carrying cells are present in the population. 519 Therefore, disrupting the conjugative and stability genes of conjugative plasmids may represent a 520 critical point for limiting their persistence in the environment. For instance, a combination 521 treatment with linoleic and phenothiazine reduced the conjugation efficiency of six conjugative 522 plasmids by 3 -fold, including the IncX plasmid of RP4 (61). 523
Furthermore, the IncX1 present in Col plasmid-bearing strains of S. Heidelberg carried a 22-524 bp direct repeat deletion at the origin of replication (ori), an Indel in VirB8 (G-> GA) and a non-525 synonymous substitution in a hypothetical protein (I111T). The Rep protein of IncX1 belongs to 526 the family of plasmids that use the theta mode of replication similar to the F, P1, R6K and 527
ColE1-like plasmids. The Rep protein interacts with iteron sequences in order to control the copy 528 number of plasmids in a cell (39, 62) . 529
Briefly, the Rep-iteron complexes stimulate the initiation of replication at low copy until the 530 regular copy number is achieved. However, when the copy number is increased beyond the 531 normal levels, the Rep-iteron concentration is high enough to bind almost all protein bound 532 iterons. This direct interaction between the plasmid molecules produces the coupling or 533 handcuffing of the origins, making them unavailable for the initiation of replication. Moreover, 534 these repeated sequences are important incompatibility determinants for iteron-based plasmids. 535
Strains with this deletion had higher copies of IncX1 than ancestral strain carrying the extra 536 22-bp direct repeat. This result supports other studies showing that the deletion of iterons 537 increased plasmid copy number of theta plasmids (reviewed in (63)). For example, Millan et al 538 (64) showed that mutations acquired in the OriV of a synthetic ColE1-like plasmid (pBGT) 539 carrying bla TEM-1 β-lactamase gene increased plasmid copy number and subsequently increased 540 ceftazidime resistance several folds. 541
To expand beyond the S. Heidelberg strains used in our study, we performed an alignment of 542 the ori of closed "circular" IncX1 plasmids of ca. 37kb present in S. Heidelberg strains available 543 in NCBI. We observed that all the strains analyzed carried only two iterons (Fig. 2b) , which 544 implies that this deletion is overrepresented in sequenced S. Heidelberg carrying IncX1 plasmids. 545
The majority of these strains were from clinical settings (Supplementary Table 8 ) which suggests 546 they are being recovered more often and may be associated with an increase in fitness of those 547 strains as was also observed in our study. Together, our results support the idea that iterons 548 regulate IncX1 plasmid replication and their compatibility with other plasmids. 549
Mutations acquired on plasmids and chromosomes after an HGT event have been shown to 550 compensate for the fitness cost associated with the acquisition of a new (MGE) (35, (64) (65) (66) . 551
Here, strains carrying Col plasmids had a total of 4 plasmids and persisted for up to 14 days,which is a "plasmid paradox," where the acquisition and maintenance of multiple plasmids over 553 the long term is supposed to impose a burden on their host (57, 58) . 554
This principle has been elucidated upon, where positive epistasis minimized the cost 555 associated with carrying small plasmids of Pseudomonas aeruginosa over a long-time scale (34) . 556 Recently, a study showed that the acquisition of three ColE1 plasmids in naïve H. influenzae 557 hosts did not impose a fitness cost as long as the bacterium compensated for the first plasmid 558 (67). The presence of one plasmid favored the presence of a second plasmid and the presence of 559 this second plasmid or third plasmid did not impose an additional significant biological cost, 560 even though these plasmids produced a cost when they are alone in the cell . 561
In this study, Col plasmid-bearing strains had increased fitness compared to a strain 562 without a Col plasmid and shared 102 single nucleotide variants (SNV) in common (Fig. 1d) . It 563 is unlikely that all observed SNV are to compensate for Col plasmid acquisition, as some will be 564 compensatory for other MGE such as bacteriophages (68) (69) (70) . For example, the prophage Gifsy-2 565 was found intact in 97% of S. Heidelberg isolates sequenced in our study, suggesting the PL 566 environment may have selected them for increased fitness (Supplementary Fig. 6 ). Further, the 567 ubiquity of Gifsy-2 in S. Heidelberg strains has been reported, which infers they are important 568 for S. Heidelberg survival (13). We observed a mutation in the replication protein (RepO) of 569 Gifsy-2 denoting these events are linked (Supplementary Table 5 ). Taken together, it is plausible 570 that mutations observed in this study are associated with HGT events involving both ColE1 571 plasmids and prophages; in addition to mutations selected for persistence in PL. 572
Plasmid and chromosome encoded genes mediated antibiotic resistance in S. Heidelberg 573 Another significant observation from this study is the decrease in susceptibility of Col 574 plasmid-bearing strains towards kanamycin, tobramycin and fosfomycin. We do not know what 575 these reductions in inhibition zones mean in terms of MIC as there are no current CLSI standards 576 (38) for S. Heidelberg. In addition, it has been shown that simple back-calculations from 577 inhibition zones to MIC can be confounded by several covariates such as serotype, host species, 578 and year of isolation (71). 579
Kanamycin and tobramycin are not used for treating Salmonella infections due to their 580 resistance in-vivo, although tobramycin in combination with fosfomycin is used to treat people 581 with cystic fibrosis caused by Pseudomonas aeruginosa (72). Since no drugs were added to the 582 litter used in this study (Personal Communication-Dr. Casey Ritz, University of Georgia), 583 experimental selection for these resistance phenotypes is unlikely. Although alternative 584 explanations including Col plasmid selection or population factors like competitive exclusion 585 and the presence of "cheaters" (73-75) may account for this result, more research is needed to 586 test these possibilities. 587
Despite the fact that the acquisition of Col plasmids coincided with the observed change in 588 susceptibility, we cannot say for sure if these plasmids played any role. The putative 589 aminoglycoside acetyltransferase (aac-(6')) gene carried on ColE1-6kb represents a fragmented 590 aac-6' gene and shares significant homology with the N-terminal of aac(6')-Ib of K. pneumoniae. 591
Its small size (81 amino acid residues) compared to other known aac genes (Fig. 5a) , and the 592 absence of homologs in all antibiotic resistance genes (ARG) databases queried suggests it may 593 be an uncharacterized ARG. Importantly, its presence on ColE1 will result in more copies of 594 these gene compared to the aac-(6') gene carried as a single copy on the chromosome. More 595 studies will be required to determine if these two aac-(6') genes confer decreased susceptibility 596 towards the aforementioned aminoglycosides.
Regarding fosfomycin, Rehmann et al (43) determined that S. Heidelberg strains with an 598 inhibition zone of 26 mm were resistant to >32 µg/ml of fosfomycin, which suggests that 599 evolved S. Heidelberg strains carrying Col plasmids in our study may be resistant to fosfomycin. 600
The fosA7 gene is present in many S. Heidelberg genomes and resistance to fosfomycin has been 601 demonstrated in a few (43). In addition, S. Heidelberg harbors other chromosomal genes 602 associated with fosfomycin resistance including glpT and uhpT (76). 603
In this study, we did not observe any mutation in these genes, thus cannot correlate 604 fosfomycin resistance to a specific ARG. This result shows the intrinsic bias that could be 605 associated with estimating resistance phenotype from only known ARG that are available in 606 curated databases. More concerning, is the spontaneous mutant (SH-17BBPW-2813) that 607 emerged with reduced susceptibility to 3 classes of antibiotics following overnight enrichment in 608 buffered peptone water (BPW) (Supplementary Table 7 ). One explanation is that BPW enriched 609 for the limited strains present in PL or it created an environment where only the fittest strain 610 emerged. Therefore, we argue that multiple chromosomal mutations in addition to Col plasmids 611 are responsible for the reduced susceptibility displayed by evolved S. Heidelberg isolates, 612 including a non-synonymous substitution (T153A) in efflux mediated multi-drug resistance gene 613 acrA (77, 78) . 614
Results from these PL evolution experiments suggest that IncX1 and ColE1 plasmids 615 contributed to the fitness of S. Heidelberg in this PL. However, if Col plasmids are a true 616 horizontally acquired fitness factor for S. Heidelberg survival in PL, one would expect SH-116 to 617 survive longer than SH-2813 since the ancestral populations carry Col plasmids. This was not the 618 case in our study (Fig. 1a) . SH-116 strains were only detected in 1 of 6 microcosms by direct 619 count and in 3 of 6 after enrichment in buffered peptone water (BPW) after 14 days incubation in Table 1) . 622
The dynamics observed in our experiment can be modeled according to Watve et al (79) 623 Rock-Paper-Scissors (RPS) model of sociobiological control of plasmid copy number. In our 624 scenario, SH-116 cells with lower copy ColE1 plasmids were displaced by those with higher 625 copy ColE1 plasmids mobilized from PL microbiota until the point at which the intrinsic survival 626 rate of S. Heidelberg was greatly reduced (Fig. 1a) . In contrast, a stable co-existence of SH-2813 627 of low, intermediate and high copy ColE1 plasmids was observed in the SH-2813 population, 628 since they are invading strains lacking Col plasmids to begin with. 629
This observation was corroborated by qPCR on extracted DNA from PL with Col plasmid 630 gene primer sets (Supplementary Table 9 ) . At day 14, the concentrations of targeted genes were 631 several orders of magnitude higher in SH-116 microcosms than SH-2813 ( Supplementary Fig.  632 6), which supports the notion that the original SH-116 strains may have been displaced by those 633 carrying higher copy ColE1 plasmids. 634
In this work, we demonstrate that ColE1 plasmids acquired from PL contributed to the 635 persistence of Salmonella enterica serovar Heidelberg, however the identity of the bacterial 636 donors of these plasmids remains unknown. Future studies from our laboratory will attempt to 637 provide answers. 638 mention of products or trade names does not constitute recommendation for use. The authors 644 declare no competing commercial interests in relation to the submitted work. 645 Figure S1 . Experimental design and microcosm sampling. 647 Figure S2 . ProgressiveMauve alignment of (a) IncX1 (b) ColE1-6kb and (c) ColE1-4kb 648 plasmids from selected strains. 649 Table S1 . Bacteria concentration in poultry litter microcosms. 659 Table S2 . Physicochemical properties of poultry litter microcosms. 660 Table S3 . Metadata on isolates sequenced. 661 Table S4 . Identified plasmid topology. 662 Table S5 . Single nucleotide variants shared among Col-plasmid bearing strains. 663 Table S6 . Plasmid copy number determined by whole genome sequencing coverage. Table S9 . Primers used in this study. 667
Supplementary Figures 646

Supplementary Tables 658
